Collaboration between designers in different disciplines is an increasingly important aspect in complex design situations, as exemplified in the AEC domain. CAD systems are essential for handling this complexity but current CAD modelling technology is directed towards the production of a single product model. In the AEC environment, many disciplines are involved, each with its own concept of the design object. Each such concept must be accommodated in any representation. This paper presents the ideas behind the representation of multiple concepts from an underlying description of a design such that the inter-and intra-discipline views of that design can be formed dynamically. These ideas are based upon an assumption that different concepts of an object are based on different functional contexts. Functional subsystems are introduced as an adjunct to design prototypes. An example shows how these functional subsystems are related to the design elements and how they allow for the formation of the various concepts. Thus the representation of the functional properties of design objects is the underlying basis for the formation of different concepts.
INTRODUCTION
Large scale design projects involve many different disciplines each with their own area of concern and expertise. A large amount of information concerned with the representation of a design object is processed among each such discipline and between these disciplines. At various stages, this information represents different kinds of information and different abstractions and representations are used but eventually a consistent representation emerges which allows for the realization of the object. In conventional AEC, drawings are used to represent buildings and other structures. These drawings, in fact contain only unstructured graphic entities such as lines, text and symbols. Through agreed conventions, structure and meaning is added by humans and these graphic entities are interpreted as a coherent structure of physical (or conceptual) elements. However, since the graphic entities are essentially unstructured and different kinds of agreements (knowledge) exist, these drawings contain the ability to be interpreted in a multitude of ways. This is both a weakness (ambiguity) and a strength (flexibility). The use of CAD systems for representing design objects brings into focus these aspects of explicit/implicit representations and especially the requirement of different views and representations of the same design object by different design disciplines.
This paper recognizes that in order to make CAD modelling useful to designers in a collaborative environment, such as the AEC domain, each designer's view and representation must be accommodated and integrated within any comprehensive representation of the design under concern. This paper puts forward the argument that multiple views and representations depend upon a functional context, i.e. a particular set of functional concerns. Thus the representation of functional properties is the essential aspect of the modelling of multiple representations.
Systems Automation and Integration through CAD Modeling
It is being accepted that only through increasing automation of the design and construction process can the quality and efficiency of the design process in the AEC domain improve 1 . The key to success in achieving automation is seen as the integration of the information processing required by the various disciplines involved at the various stages of the design process. This is recognized in the research on concurrent engineering and collaborative design 2,3 . ComputerAided Design (CAD) is accepted as the vehicle for providing this integrated information
processing. An agenda of this view is the provision of a single CAD model from which various aspects of the model can be obtained as necessary. These aspects may be graphic as in plans, perspectives, etc or textual as in specifications, schedules, etc.
There is much current work concerned with producing conceptual modeling schema for the representation of design objects, for use in CAD 4, 5, 6, 7, 8, 9 . There are also product modeling efforts within the work on data exchange standards 10,11,12 , concerned mainly with achieving product descriptions in terms of geometrical and other physical attributes for use with CAD systems. In building design, there are models such as the RATAS model 13,14 and the GARM model 15, 16 . However, these models seem to be extremely difficult to put into use in practice.
In CAD databases, all representations of entities have to be explicitly stated. This includes both graphic representations and representations of other properties, whether in a single database or in separate graphic and relational databases. In contrast to conventional paper drawings, the descriptions in a CAD system make assumptions regarding particular representations of that design object and produce fixed and static representations. One of the main reasons for this is that they are based on producing a single fixed model of a building rather than on accommodating the different views that the different participants in the AEC disciplines may take.
Multiple Disciplines in AEC
In the AEC design environment many disciplines are involved, each dealing with a specialized aspect of the building design. Each discipline will have its own concept and interpretation of the object. The fragmentation of the design and construction disciplines in the AEC domain is due to the specialization of each discipline according to functional aspects. Architects are mainly concerned with providing sufficient, efficient and aesthetic spatial environments for a given set of activities. They are thus concerned with the form and organization of spaces and those elements relevant to those purposes and with concepts such as spatial sufficiency, spatial organization, comfort, aesthetics, weatherproofness, rooms, storeys, facades, floors, walls, etc. Structural engineers, on the other hand, are concerned with providing stability by resisting or transmitting forces and moments. They are concerned with concepts such as gravity/lateral loads, support, bending, shear, deformations, beams, columns, shear walls, etc. Mechanical engineers are concerned with providing functions such as transportation and climate control through the provision of mechanical facilities, such as transportation systems and mechanical HVAC systems. They are concerned with concepts such as flow, capacity, time, energy and power, elevators, escalators, motors, coolers, heaters, piping, etc. Contractors, on the other hand, are concerned with the constructability of a design and hence with the physical relationships between the physical elements and the operations and sequence of operations required to construct the building. That is, they are concerned with concepts such as availability, composability, time and place, stability, walls, windows, beams, pipes, quantities of materials, etc. Some aspects are the concern of more than one discipline, e.g. environmental aspects are the concern of both the architect and the mechanical engineer.
Each such concept may be formed incrementally over a period of time but must be accommodated in any comprehensive representation.
MULTIPLE VIEWS, MODELS AND INTERPRETATIONS OF A DESIGN OBJECT
There are two aspects to the notion of multiple views. The first is that given a syntactic description, different viewers will interpret that description differently while the second is that different viewers build different syntactic descriptions in the first place. This second aspect is the main thrust of this paper although the approach taken allows for the first aspect to be provided for.
Multiple Views
An object exists in the world. What it is, in absolute term, is not of concern here. What is of concern is our perception, conception and representation of that object. We build a conceptual model of an object, a representation, and manipulate that representation when we communicate.
That is we communicate, with ourselves and with others, using representations. The view that one takes depends on one's propensities, which are influenced by one's collective experiences and concerns. The conceptual model and hence all future representations derived from that model depend upon the view that one takes regarding the object. That is, a view is a predisposition towards certain conceptions. Within certain common groupings, such as design disciplines, there are, generally, common views and comon understandings and agreements regarding the interpretation and description of objects. In a design context, the view that a person takes depends on the functional concerns of that person, where functional concerns include non-technical functions such as aesthetics, symbolism, psychological effects, etc.
Given a design object, such as a building, there are many views that one may take, leading to different conceptual interpretations. For example, a building may be viewed as a set of activities that take place in it; as a set of spaces; as sculptural form; as an environment modifier or shelter provider; as a set of force resisting elements; as a configuration of physical elements; etc. In fact, a building is all of these.
Multiple Models
A model or abstraction of an object is a representation of that object resulting from a particular view taken. Since there are many different views of a building there will be many corresponding models, Figure 1 . The sound insulating properties of a wall are not relevant to a structural engineer's description of that wall. In fact, certain walls may not be relevant at all to a structural engineer if they do not contribute to the building's stability (or instability through the addition of significant loads).
Notwithstanding, in order for CAD to be useful in the AEC domain, a comprehensive representation of a building must be able to be built from which various abstractions can be formed depending on the particular need. For example, architects will model certain elements such as floors, walls, doors and windows. For the architects, these elements are associated with the spatial and environmental qualities with which architects are concerned. Structural engineers, however, see the walls and floors in differently, namely as structural elements capable of bearing loads and resisting forces and moments. While architects may model walls on different floors as separate elements the structural engineers may model only a single shear wall. Both models must coexist since the structural engineers will need to carry out calculations based on their model while the architects may need to ascribe different properties to their separate wall elements, e.g. different finishes. The engineers may modify some of the properties assigned to these element by the architect and may add some new elements, such as beams and columns. While the architects are concerned with the spatial and environmental implications and the structural engineers with the structural implications, the contractors's view is an elemental one related to the erection of the building within given time and cost frames.
Thus any representation schema must allow for a dynamic evolution of models and must be capable of accomodating multiple concepts of a design unambiguously and consistently so that elements are not duplicated.
Multiple Interpretations
Given a syntactical representation, such as a graphic representation, of a design object different viewers will interpret that syntactic representation in different ways. That is they will arrive at different semantic interpretations of that object. As discussed above, this is based on a designer's functional concerns. An architect will interpret a given wall in a graphic representation as a space-bounding element or as a noise barrier; a structural engineer as a loadbearing element; an HVAC engineer as a heat flow control element and a security engineer as a security-providing element. Clayton et al. 17 discuss this aspect of multiple interpretations and put forward mechanisms for the interpreation and critique of shared graphic objects. While this is an important aspect of multiple representation, the focus of this paper is on the representation of multiple models. The interpretation of a single model can be extended to cover that of multiple models.
Representing Multiple Models
Using traditional methods of communications, each consulting discipline represents its model in its own set of drawings (blueprints) using generally agreed upon representation symbols.
Each such set of drawings represents that discipline's model of the building using that discipline's set of representation conventions. Any inconsistencies between the various models have to be discovered and corrected. This is done, traditionally, by marking the appropriate drawings and sending them back to the appropriate consulting discipline. This process may go through several iterations. The result is a number of sets of drawings, one per consulting discipline, where, although each set represents the building using a different model, the comprehensive representation is consistent. There is no attempt to integrate the various sets of drawings onto one drawing. In CAD environments, the focus to dat has been to construct a single unified model. The approach put forward in this paper is that this single model is inappropriate and that the traditional approach, in fact, represents a necessary approach which has to be dealt with in a CAD environment. No one model contains a comprehensive description of the object but each model must be consistent vis-a-vis the object being described. This approach is similar to that taken by Nederveen and Tolman 21 and Nederveen 22 . Figure 2 shows the differences between the two approaches.
Thus, no single unified model exists nor even a single set of unique elements but rather different descriptions of the same elements and different subsets of these descriptions in different models. In most design situations, the models are not constructed concurrently but usually in an iterative sequence. For example, architects may construct a model followed by the structural engineers.
The structural engineer's model may require modifications to the architect's model and the expression of relationships between elements in the architect's model and the engineers' model.
Similarly, for other disciplines. Based on this new information, the architect may decide to make certain modifications to the design and so an interative process ensues until a satisfactory consistent representation consisting of the various models is obtained.
It will be shown that the various models constructed by the various disciplines can be achieved through an approach based on representations of elemental models as seen through views based on functional contexts. Thus, the representation of functional properties of design objects is the underlying basis for the formation of different concepts.
PURPOSE, FUNCTION, BEHAVIOUR AND STRUCTURE Definitions
The essential factor in a description of any design object allowing for the formation of multiple interpretations is a description of its functional properties in addition to its structural properties.
This is because the functional properties associated with a design object reflect the concerns of the various designers and their intent. purpose is related to the human socio-cultural environment and function to the physical object environment, Rosenman and Gero 28 . The relations between purpose, function, behaviour and structure and the human socio-cultural environment and the physical object environment within the overall design object environment can be seen in Figure 3 .
In summary:
structure exhibits behaviour effects function enables purpose purpose is enabled by function is achieved by behaviour is exhibited by structure Since, human needs are translated into required functions, functional concerns become the essential factors in satisfying those needs by mapping those required functions to the functional properties of proposed objects.
Artificial objects are conceived and realized to satisfy given human needs. Thus, intended functions are related to the purpose or intended utility of a design object, i.e. to the reason for its existence (although functions may be found which were not intended). Behaviour is the totality of the properties of an object which emerge as a result of the interaction between the object's structure and its environment. The structure of a physical object is its physical embodiment, i.e. in terms of material, toplogy and geometry. A structural description includes those properties which are necessary and sufficient to allow the object to be realized, that is, those factors about which designers make decisions in order to realize a design so that the actual behaviours of the object will satisfy the required behaviours and, as a result, satisfy the intended functions. An object may be composed of a single element or as an assembly of elements or other assemblies.
In the case of an element, the structural description is concerned with an abstraction of its physical description, i.e. its material composition. This could be represented by the arrangement of its molecules (or atoms) but, more practically, this is interpreted as its material, shape and dimensions. An assembly can be described by its components and the relations between the components, e.g. the location of the various components, connection and tolerances between them. A design object may be described in terms of its structure, behaviour or function, e.g. a pencil may be described in structural terms as a cylinder (with certain dimensions) of graphite inside another cylinder (with certain dimensions) of wood, or in functional terms, as something which makes marks on paper, or in purposeful terms as an instrument for writing. In essence, a design object is all of these although, at the early stages of its design, we may only be able to describe it in terms of purposeful, functional and behavioural properties. Only after some identification of these as requirements can some embodiment take place and finally a detailed structural description. A design object may effect several functions. A wall separates two spaces (visually, physically and acoustically) and hence serves a space-partitioning function but it may also support another element and hence serve a structural or stability-providing function.
Additionally, if it is an external wall, it prevents air and water penetration and inhibits thermal transfer and hence serves a climate control function.
The current practice in CAD systems is to represent merely the structural properties of an object. In many cases only the graphical representation of the object is described. The information regarding the object's intended functions is lost. While, in some cases, it may be possible to infer this infomation this cannot always be done. For example, one cannot determine that a wall is loadbearing from topological relations alone. Experience in acquiring information from drawings in a case-based reasoning project at the Key Centre of Design
Computing 29 , has shown that it is not even possible to determine information such as whether a beam is part of the lateral force-resisting system, from the structural drawings, without recourse to the designers. Thus, the functional properties of a design object must be represented in any CAD information system. The recognition that graphical properties, while important, are not the only properties that need be described in an object's representation forms the underlying basis of the STEP effort for electronic data exchange of product information, 12,30 .
Decomposition, Formulation and Specialization
A concept represented by a single term, may be decomposed into more detailed concepts. This holds for all the concepts of purpose, function and behavior. For example, the purpose of allowing dining 'means' allowing eating, allowing drinking, enabling the partaking in social intercourse. Decomposition can be carried out along as many levels as it is felt necessary to explain the concept. When a satisfactory level of decomposition is reached in one category, the concepts thereby represented must be translated into concepts in a more operational category.
Purpose concepts, which are part of the human value system, must be formulated into function concepts, in the physical environment system, by teleological problem formulation. Allowing eating can be translated into provide space for eating utensils, support eating utensils, ....
These function concepts are then decomposed as necessary until a satisfactory function decomposition is reached. Support eating utensils may be decomposed into provide rigid surface, provide horizontal surface, ... Each function concept is then formulated, using causal problem formulation, into behavior concepts which are decomposed as necessary. Finally, the behavior concepts are synthesised by structure concepts. Figure 4 shows the decompositionformulation structure.
Each concept may be achieved by more than one (sub)concept and each concept may contribute to more than one (super)concept. For example, the function (of a car) of moving forward is achieved by the functions of the left and right rear wheels of rotating, while the function of providing (electrical) power of a car battery contributes to many functions.
Another issue of importance is that of generalization/specialization. The class-subclass relationship among descriptions of objects means that the functions of subclasses must specialize the functions of the class. For example, all walls separate space in general. External walls separate internal space from external space whereas internal walls separate internal space from internal space. A particular internal wall (an instance) separates a particular internal space or room from another particular internal space or room. This class-subclass and class-instance specialization must be taken care of in any representation of function. An approach based on a clausal form of first-order predicate logic representation with unification, e.g. PROLOG, has the necessary expressive power to accommodate the above issues 28 . In addition, such a representation can be easily mapped to a relational database, with each predicate being mapped to a table in the RDBMS or in an object-oriented database, which has better capabilities of handling class-subclass relationships.
DESIGN PROTOTYPES AND FUNCTIONAL SUBSYSTEMS
Design prototypes 5,6,31 describe classes of design elements. As such they encompass function, behaviour and structure properties as well as context and the relationships (in the form of knowledge) between these different factors. They are object-centred schemas similar to object-oriented programming objects but specifically dealing with design objects through their categorization of function, behaviour and structure properties. In a fragmented environment, such as AEC, each discipline has its own set of design prototypes with its own concepts, terminology and visual representation which are not necessarily shared between the disciplines.
For, example, the structural engineer need not necessarily know about the concept 'wet-zone'.
Specific examples of design prototypes, i.e. instances, are described using the design prototype schema and by instantiating all relevant properties to specific values.
While design prototypes describe a class of design objects, a complex design object (composed of more than one element) can also be regarded as a functional system composed of various functional subsystems, each of which carries out or contributes to the intended functions of the whole 32. Eastman et al. 4 
VIEWS AND MODELS Views
A view is defined by a functional context, i.e. a given set of functions. A view prescribes the relevant FSs which in turn prescribe a particular model of a design object, i.e. which design prototypes, design elements and properties are relevant to that view. A view of a complex design object can therefore be formed by either directly selecting the relevant FSs or, alternatively, stating which functions a view(er) is concerned with. In the first case, the embodiment of these FSs w.r.t their associated functions is the model associated with that view, while in the second case, the model is comprised of all those elements which have functions associated to those given.
Models
Eventually, in any embodiment, a functional subsystem is embodied as a set of design elements whose functions contribute to those of the FS. For example, the natural lighting FS may be composed of the windows, light shafts and skylights. This relation between the FSs and the design elements, either design protoypes or specific instances, is achieved through the function properties of the design elements. The relation between FSs and the design elements may have to be found using decomposition and generalization hierarchies. No design element can (or should in a design representation) exist without being part of a functional subsystem.
Otherwise it is redundant. The set of design elements and their properties and relationships resulting from the embodiment of a set of functional subsytems specified for a given view is the model associated with that view, Figure 5 . Any design element may form part of several FSs if it carries out multiple functions, as shown in Figure 5 . The above states that views are defined by specifying a set of relevant subsystems or, alternatively, a set of relevant functions. Views may be associated with particular viewers or viewer types. For example, the architect may specify a view, (V arch ), as {spatial, climate control} FSs and the structural engineer's view V st-eng as {stability} FS. Alternatively, views may be specified as a set of functions, e.g. V arch may be specified as {enable_activity, separate_spaces, provide_access, control_climate, ...} while (V st-eng ) may be specified as {support_element, support_live_loads, resist_lat_loads, ...}. Views may be general to disciplines or specific to particular viewers. It is possible to construct a class hierarchy of views with inheritance from superclass to subclass. Any number of views of a design object can be formed at any time. New views may be formed by new combinations of functions and/or FSs. According to each different view there will be a model of the object as an embodiment of the functional subsystems. There is no necessity to attempt to consolidate these models into a single model. The totality of the representation does not become invalid as long as consistency is kept between the various abstractions of the same design elements.
Note the use of the union operator to ensure that, in any aggregation of functional subsystems, duplication of elements does not occur 32 .
Consistency Between Different Models
Although Figure 5 represents only the same single elemental concepts, it is possible for the different disciplines to refer to essentially the same element using different terminology, e.g.
floor (architect), slab (structural engineer). In that case, the elements must be related through explicit relationships in each of the elements. Such relationships may be: The result is a set of models where each model has its own concepts and elements. Some elements may be common to more than one model although some of their properties may differ and some elements in one model are related to elements in other models. This is shown in 
REPRESENTATION OF DESIGNS WITH CAD SYSTEMS Integration of Graphic and Non-Graphic Properties
Most CAD systems only represent graphic entities such as points, lines, polylines and solids.
These are stored in the CAD systems' graphic databases. Such a graphic representation allows for the interpretation of geometric properties such as shape, areas, volumes and relationships, such as adjacencies, based on distances. In many cases, graphic entities can be grouped and labelled so as to be interpreted as design objects and, in some cases, attributes can be attached to these entities. Where these attributes are not graphic, they are usually for notational purpose only and cannot be used in any reasoning process, although some physical properties, such as material, may be used in the calculation of quantities in systems such as ARCHICAD For visualization purposes, for example, in the structural engineer's view, non-stuctural walls may need to be shown, for contextual reasons, even though they are not part of the stability FS. This means that any FS which requires the representation of elements which are not part of its functional context will have to make note of those elements. They should appear in a subdued representation, i.e. using dashed lines and/or lesser intensity and/or other colour. Thus, different graphical representations will either have to be stored for elements for different views or be able to be generated under instructions in those views.
A BUILDING EXAMPLE Figure 7 shows an example of a two-storey appartment block, BLDG1. This example is a simplified one but is sufficiently general in its demonstration of the need for the representation of multiple concepts to allow for multiple abstractions of a design object. At the beginning of each CAD session users will identify themselves by their view which must be predefined. Thus, only the relevant design prototypes and functional contexts will be addressed. Figure 8 shows part of BLDG1 as represented by an architect using a CAD modeling system to represent objects. Figure 8 shows some of these entities with some properties as defined by the architect during the modelling process, also stored in the database. This instance information follows the schema as defined in the appropriate design prototypes. On the other hand, the structural engineer models the elements shown in Figure 9 . where SW1 and SW2 are shear walls whose properties, as defined by the engineer, are given in Figure 10 (a). Based on the view of the building as a force-resisting/force-transmitting object, the structural engineer does not see WASS1 and WASS3 as does architect but rather SW1. S/he may modify some of the properties of this wall, e.g. the thickness and material. This must then be reflected back in the architect's model. Links must be made to the fact that WASS1 and WASS3 are related to SW1, so that any modification to one or the other causes a modification to the properties of the others. Thus WASS1 and WASS3 need be defined as part_of SW1 rather than as element_of. SLAB3 is synonymous to ROOF1 as an element and must be noted as such using the same_as relationship. The addition of the edge beams, BM1, ..., BM4, will cause modifications to the height of the glass walls GW1, ..., GW4, and a relationship between the height of the glass walls, the depth of the beams and the storey height has to be noted using the constrained_by relationship. In addition, the beams will be included in the exterior_filter subsystem since their waterproofness, thermal transmittance, etc are relevant factors. The changes to the architect's elements are shown in Figure 10 Figure 10 . Instance information from structural engineer's model Figure 11 shows part of the resulting functional system model from which the architect's and structural engineer's models can be constructed. Figure 11 . Combined architect's and structural engineer's functional subsystems and models
COMPUTER-SUPPORTED COLLABORATIVE DESIGN
In a computer-supported collaborative design environment there will be a need forseveral models of the design object, e.g. building, to be represented at any time. For example, the architect and the structural engineer may collaborate on a building with each having both models on view. The models include both graphic and non-graphic representations. When one model is manipulated, corresponding effects must be made in the other. At the very least, some form of alert must occur, whether it be in textual, graphic or audial form. When, for example the structural engineer selects a shear wall for discussion, the corresponding walls in the architect's model should be highlighted. If the dimensions of that wall or its material are changed by the structural engineer, this should be reflected in the architect's model.
In synchronous situations, the notification of changes or proposed changes can be notified by direct visual or audial notification. However, consistency must be maintained even in asynchronous exchange of information. Moreover, the above example is for cases where explicit relationships exist between elements in the different models. In the type of case where, for example, the structural engineer adds some columns to a space in the building, this must also be reflected in the architect's model. This can only be so if columns exist as concepts in the architect's domain and are related to some functions with which the architect is concerned, such as space occupancy in this case. In that case, when instances of columns are created by the structural engineer, even though they will only be ascribed structural properties, they will be related to column concepts in the architect's model and be added to the architect's model.
IMPLEMENTATION
The modelling of multiple views has been implemented using the CAD system, AES, and the INGRES RDBMS under the AIX environment on IBM RISC systems/600 workstations 37 . AES is a 3-D surface modeller where design objects may be represented a symbols. In addition, it has an interface capability for associating graphic entities in its graphic database with design objects stored as records in the INGRES database and allowing queries on the database using a subset of the SQL language.
The implemented system has three subsystems, namely the graphic system, the design object database system and the semantic query system.
Graphic System
The graphic system uses the graphic module of AES. The graphic system also includes the interface to the system through control commands written in the AES command language. These establish interface links between the graphic objects and the design objects.
Design Object Database System
The INGRES database contains all the non-graphic information represented by all design disciplines. It contains both class and instance information and relates the representations of abstractions of the design objects according to different views (disciplines).
Semantic Query System
The semantic query system allows for semantic information to be displayed for design objects selected either by name or picked in the graphic representation. In addition it displays the various graphic (and non-graphic) representations of the different models according to the different views.
Hwang 37 has demonstrated the formation of multiple semantic interpretations and multiple models with a townhouse example. Three models are demonstrated, namely architect's, structural engineer and HVAC engineer. Given a particular graphic object, e.g. as picked in a graphic representation, the various semantic interpretations according to the different views are
given. Alternatively, given a particular viewpoint, a model, i.e. agraphic and semantic representation is produced. At present, this system does not take care of relationships between the various models including modifications made to any one model. In addition, the inclusion of the view field in the database tables so as to relate objects and properties to a view is redundant since the membership of an object or property with respect to a view can be derived from the functional properties of that object vis-a-vis the functional properties prescribed by the functional subsystems defining a particular view. Moreover, the inclusion of this view field means that objects are explicitly associated with a view as modelled by a particular viewer. The formation of models through the association of functional properties, rather than through explicit relations, means that an object modelled by one viewer may be included in the model of another viewer if its functional properties are included as part of the other viwer's concerns. The work to date has demonstrated the potential for CAD systems to allow the modelling of different views through the linking of graphic and non-graphic databases using a graphic database a relational databse and an interface command language. However, as pointed out previously, relational databases have limited capabilities in representing class information.
CONCLUSIONS
Future work will look at the use of OODBMSs or the design prototype schema for representing such domain class information. For this, the interface between the various components of the
